Nosocomial respiratory infections cause significant morbidity and mortality, especially among the extremely susceptible neonatal population. Human rhinovirus C is a common viral respiratory illness that causes significant complications in children <2 years old. We describe a nosocomial outbreak of human rhinovirus C in a level II-III neonatal intensive care unit in an urban public safety net hospital.
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BACKGROUND
Respiratory syncytial virus and influenza are 2 common respiratory viruses that are well-known for nosocomial transmission; however, new rapid diagnostic respiratory tests have implicated other viruses, such as human rhinovirus (HRV), in severe respiratory infections.
HRV is divided into 3 distinct species: HRV species A, B, and C. 1 HRV species C is associated with respiratory tract infections, severe asthma exacerbations in children, and apnea in infants. 2 We describe a nosocomial outbreak of HRV species C in a neonatal intensive care unit (NICU). To our knowledge, there are only 2 previously published studies implicating HRV in a NICU respiratory infection outbreak. 3, 4 
METHODS

Setting
This study took place in an urban public safety net hospital with a level II-III NICU. The NICU has 20 beds with 8 single occupancy rooms and 4 triple occupancy rooms. All visitors are screened by the patient's nurse for signs of illness and asked to leave if they are ill.
Outbreak detection and investigation
After 2 infants becoming ill with respiratory symptoms, respiratory viral testing and routine bacterial cultures were undertaken. Each patient's medical record was reviewed with attention to vital signs, examination findings, respiratory and ventilator support, white blood cell counts, radiographic studies, room location, and staff members, including nurses, respiratory therapists, and physicians.
Isolate testing
The FilmArray Respiratory Panel (Biofire Diagnostics, Salt Lake City, UT) was used for viral and bacterial detection. This multiplex polymerase chain reaction system is used to detect the presence of adenovirus, coronavirus, metapneumovirus, rhinovirus-enterovirus, influenza, parainfluenza, respiratory syncytial virus, Bordetella pertussis, Chlamydophila pneumoniae, and Mycoplasma pneumoniae. Both children's specimens tested positive for rhinovirus-enterovirus complex, and the samples were sent to the Centers for Disease Control and Prevention for further confirmatory testing.
RESULTS
Cases
Patient 1 was a 73-day-old boy who was born at 25 weeks, weighing 670 g, to a 38-year old mother via Cesarean section at an outside hospital and transferred to our facility on day of life 27 and hospital day (HD) 1. The patient's neonatal course was complicated by prenatal exposure to cocaine, maternal chorioamnionitis secondary to Escherichia coli, and lung disease. From HD 42-47, the patient's oxygen requirement increased to 100%; respiratory support changed from nasal cannula oxygenation to bilevel positive airway pressure. From HD 46-56, upper airway congestion was noted, and moderate to large respiratory secretions were suctioned. Neither fever nor leukocytosis was present.
Patient 2 was a 16-day-old boy born at our facility on HD 32 at 31 6/7 weeks, weighing 1,575 g. He was delivered via Cesarean section for nonreassuring biophysical profile. Secondary diagnoses included respiratory insufficiency, suspected bacteremia, and hyperbilirubinemia. On HD 45, the patient had desaturation episodes into the low 80s and large cloudy secretions suctioned from nose. On HD 46 and 47, the patient's oxygen requirement increased to 175 mL/min prior to the use of bilevel positive airway pressure. Chest radiograph revealed multifocal pulmonary opacities in the left lower lobe and right middle lobe. The patient did not have a fever or leukocytosis, and blood cultures were negative.
Investigation
Patients 1 and 2 were in the NICU concurrently for 11 days and cared for by separate staff; then on HD 42, patient 2 was moved into patient 1's triple occupancy room (Fig 1) . They were the only patients in this room during this time. This was the same day that patient 1's oxygen requirement increased, whereas patient 2 did not have any signs or symptoms of infection. On HD 45 and 46, patient 2 and patient 1 developed nasal congestion, respectively. On HD 47, both patients 1 and 2 tested positive for rhinovirus-enterovirus. During the 5 days they shared a room prior to positive HRV species C test, patient 1 was in an isolette, and patient 2 was in an open crib. They had 6 common nurses, with 3 caring for them on multiple days. They did not share any physicians or respiratory staff. None of the shared staff members called in ill in the 2 weeks before or after the respiratory outbreak, but it is unknown if any staff worked while having mild or moderate illness. Patient 1 had a family member visit, and patient 2 had 2 family members visit in the 5 days prior to HRV species C diagnosis, one of them being a young sibling; none of these family members were noted to be ill.
DISCUSSION
This report describes 2 nosocomial cases of HRV species C. HRV species C is transmitted either person to person through contact (either direct or through a fomite) or through aerosolization. [5] [6] [7] We suspect that HRV species C was from a single point source given the 2 infants became symptomatic on the same day through either staff members or common use patient items within the room.
The most plausible explanation would be a shared health care worker who was ill, but not ill enough to call in sick. It is possible that a staff member was ill with HRV species C the week prior to patient care and was shedding virus after the symptoms resolved. Adults with symptomatic HRV can shed virus for at least a week after infection, but it can persist up to 2-3 weeks in some adults. 8 Another possibility of transmission could have occurred from the young family member of patient 2. The sibling could have either had an asymptomatic infection or the family neglected to tell the staff that the child was feeling ill. Children <4 years old have had asymptomatic rates of infection range from 12%-32%. 9,10 Because patient 1 was in an isolette, this is a less likely scenario. Alternatively, HRV species C may have been spread through inanimate surfaces. HRV is able to survive for hours to days on environmental surfaces. 11 However, there are very few items that are shared between 2 neonates in the NICU.
We report a series of nosocomial transmission of HRV species C in neonates. Although we cannot be certain, the timing of this cluster makes us suspect that a single health care worker exposed both infants. Both patients exhibited signs and symptoms within a day of each other and tested positive on the same day, making it most likely that they were exposed by a single source. Exposure by a symptomatic or asymptomatic family member is less likely because family members of infants did not directly interact with the other infant. An inanimate object was also unlikely because the infants were not mobile, and no other infants in the NICU were found to have HRV species C at that time.
In conclusion, we report a cluster of possible nosocomial HRV species C in a NICU. The detection of this outbreak likely was because of improved laboratory techniques, namely the multiplex polymerase chain reaction system. We suspect an increase in reports of nosocomial viral transmission. We hope that molecular technology will continue to advance so that we can determine clonality of viruses and trace exposure etiology and determine if concurrent cases are coincidence or from a common source.
